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DESCRIPTION 



POLISHING APPARATUS AND METHOD FOR PRODUCING 



SEMICONDUCTORS USING THE APPARATUS 



TECHNICAL FIELD 

The present invention relates to a planari zation 
technique for a wafer surface pattern by polishing 
processing used in the process of manufacturing a 
semiconductor integrated circuit, and particularly, to a 
processing method for the planarizing with high accuracy, 
high efficiency, and inexpensively without occurrence of 
processing damage, and a processing apparatus therefor. 

BACKGROUND ART 

Recently, a multi-layer wiring technique for 
laminating circuit elements of a semiconductor device is 
becoming important with the trend of higher processing 
speed and fineness of a semiconductor device. With the 
progress of the multi- layer wiring technique, there has 
been posed a problem of irregularities formed on the 
surface of a sample. For example, in the case where a 
circuit pattern is formed on the sample surface by an 
optical exposure device (hereinafter referred to as a 
stepper) , it is necessary to accurately adjust the focal 
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point of the stepper onto the sample surface. However, 
when the irregularities are present on the sample surface, 
adjustment of the focal point on the sample surface is 
difficult, resulting in an occurrence of serious problem of 
inferior resolution . 

For overcoming such an inconvenience as described 
above, the technique for planarizing the surface of a 
semiconductor device has been demanded. 

In Japanese Patent Laid-open No. Hei 10-146750, 
there is disclosed a technique for planarizing the fine 
irregularities formed on the surface of a semiconductor 
device. According to the technique disclosed in the 
publication, a wafer substrate to be processed held on a 
rotating holder is pressed on the surface of a polishing 
pad held on a rotating table, and a polishing liquid 
containing loose abrasive grain is supplied between the 
polishing pad and the wafer to be processed, whereby the 
surface of the semiconductor wafer substrate can be 
polished to planarize the fine irregularities. 

Since the polishing pad used for the purpose of 
polishing as described above becomes crushed in surface as 
it is used, dressing is carried out therefor with suitable 
frequency. Dressing termed herein is that a polishing pad 
is shaved by a diamond grindstone (hereinafter referred to 
as a dressing tool) or the like for dressing to provide a 



suitable surface roughness, as disclosed in Japanese Patent 
Laid-open No. Hei 10-180618. 

DISCLOSURE OF INVENTION 

Dressing of a polishing tool as described above is 
carried out by applying a fixed load to a grindstone to 
press it to the rotating polishing tool. However, the 
dressing carried out in the prior art as described above is 
merely to realize formation of a surface roughness of the 
polishing tool. 

On the other hand, if an attempt is made to prolong 
the service life of the polishing tool, it is necessary to 
thicken or harden the polishing tool. However, there has 
occurred another problem as the hardness of the polishing 
tool increases, which has not occurred in the prior art. 

The present invention has been achieved in order to 
solve the problem as noted above. 

According to the present invention, there is 
provided a polishing apparatus which applies relative 
motion between a workpiece and a polishing tool to polish 
the surface of the workpiece by the polishing surface of 
the polishing tool, comprising: a dressing tool for forming 
a surface roughness on the polishing surface of the 
polishing tool; a first moving means for applying relative 
motion between a grindstone and the polishing tool; a 





jiv.'ii-ji* 
i: /ii„ .i'CiP -i.i. 



- 4 - 



second moving means for moving the dressing tool relatively 
in a direction vertical to the polishing surface of the 
polishing tool to locate it to a desired position; and a 
control means for permitting to execute the movement caused 
by the first moving means while controlling the position of 
the second moving means . 



invention will be described in detail in the column of made 
for carrying out the invention that will appear later. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an explanatory view of the planarization 
step for the wafer surface. FIG. 2 is a view of assistance 
in explaining a chemical mechanical polishing method. FIG. 
3 is a view showing a plane and a section of a 
semiconductor memory element. FIG. 4 is a view of 
assistance in explaining a problem when processing is 
accomplished using a soft polishing pad. FIG. 5 is a view 
of assistance in explaining the constitution of a 
grindstone used in fixed abrasive grain processing method. 
FIG. 6 is a view of assistance in explaining a conventional 
dressing method in the fixed abrasive grain processing 
method. FIG. 7 is a view of assistance of explaining the 
dressing method according to the present invention. FIG. 8 
is a view showing the construction of a processing 



The problem, action and effect of the present 
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apparatus suitable for carrying out the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will be 
described hereinafter with reference to the drawings. 

The semiconductor manufacturing step comprises many 
processing steps. First, the wiring step which is one 
example of the steps to which the present invention is 
applied will be described with reference to FIG. 1. 

FIG. 1A is a sectional view of a wafer formed with 
wiring of a first layer. An insulating film 2 is formed on 
the surface of a wafer substrate 1 formed with a transistor 
portion on which a wiring layer 3 such as aluminum is 
provided. Since the insulating film 2 is provided with a 
hole in order to take a junction with a transistor, that 
portion 3' of the wiring layer is somewhat depressed. 

In the wiring step of a second layer shown in FIG. 
IB, an insulating film 4 and a metallic aluminum layer 5 
are formed on the first layer, and a photoresist layer 6 
for exposure is adhered thereto for wiring -patterning the 
aluminum layer. 

Next, as shown in FIG. 1C, a circuit pattern is 
transferred in exposure on the photoresist 6 using a 
stepper 7. In this case, when the surface of the 
photoresist layer 6 has irregural i ties , focusing is not 



obtained on a concave portion and a convex portion 8 on the 
photoresist surface simultaneously as shown, resulting in 
an importance obstacle or inferior resolution. 

For overcoming such an inconvenience as described, 
planarization processing for the substrate surface is 
carried out as mentioned below. After the processing step 
shown in FIG. 1A, an insulating layer 4 is formed, as shown 
in FIG. ID, after which polishing processing is carried out 
by a method described later so as to be planar to a level 9 
shown to obtain a state shown in FIG. IE. Thereafter, a 
metallic aluminum layer 5 and a photoresist layer 6 are 
formed, and exposed by a stepper as shown in FIG. IF. 
Since in this state, the photoresist surface is flat, no 
problem in the inferior resolution occurs. 

In the following, an outline of the fixed abrasive 
grain processing apparatus suitable for employment of 
polishing processing according to the present invention 
will be explained while comparing with the chemical 
mechanical processing apparatus that has generally been 
used heretofore. 

(1) Outline of chemical mechanical polishing apparatus 
The surface planarizing apparatus for the 
semiconductor device surface as disclosed in Japanese 
Patent Laid-open No. Hei 10-180618 is called a chemical 
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mechanical polishing (Chemical Mechanical Polishing: CMP) 
apparatus. As described above, in this apparatus, a 
polishing pad held on a rotating member is pressed against 
a semiconductor device held on a rotating sample table, and 
a liquid containing a polishing slurry is allowed to flow 
between the polishing pad and a sample to thereby polish 
and planarize the surface of the semiconductor device. 

FIG. 2 is a view showing the principle of polishing 
a semiconductor device by a CMP apparatus. First, a 
polishing pad 11 is attached onto a surface plate 12 and 
remains rotated. This polishing pad is formed by slicing 
foamed urethane resin or the like into a thin sheet, and 
materials and fine surface construction thereof are 
variously selected and used according to kinds of 
workpieces and a degree of surface roughness suited to 
finishing. 

A wafer to be processed (a semiconductor device) 1 
is fixed to a wafer holder 14 through an elastic keeping 
pad 13. The wafer holder 14 being rotated is loaded on the 
surface of the polishing pad 11, and polishing slurry 15 is 
supplied onto the polishing pad 11 to thereby polish and 
remove a convex portion of an insulating film 4 on the 
wafer surface to planarize it. 

As described above, the CMP is a method for carrying 
out processing while supplying the polishing slurry between 
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the polishing pad and the workpiece, which method is 
extensively known as loose abrasive grain polishing 
technique but has three great problems noted below. 

A first problem is dependence on pattern dimension, 
that is, it may be impossible to be sufficiently planarized 
depending on kinds of patterns or a state of level 
difference. Generally, a pattern on the semiconductor 
wafer is formed from a pattern having various dimensions 
and level difference. 

For example, as for an example of a semiconductor 
memory element, a chip is divided into four blocks, as 
shown in FIG. 3A. The four blocks are internally formed 
with fine memory cells which are regularly and closely 
arranged, which is called a memory mat portion 16. 

In a boundary between the four memory mat portions 
is formed a peripheral circuit 17 for getting access to the 
memory cells. In case of a typical dynamic memory, a 
dimension of one chip is approximately 7 mm x 20 mm, and 
width of the peripheral circuit portion is approximately 1 
mm. In section A - A ' of the chip, average height of the 
memory mat portion 16 is higher by approximately 0.5 to 1 
Mm than that of the peripheral circuit portion 17, as 
shown in FIG. 3B. When an insulating film 4 having 
thickness of approximately 1 to 2 Mm is formed on such 
level difference pattern, a sectional shape 31 of the 



surface portion also substantially reflects a level 
difference shape of the base pattern. 

In the planarization step for a semiconductor wafer, 
the insulating film 4 on the wafer surface is to be 
planarized as indicated by dotted lines 32. However, 
generally, where a soft polishing pad 11L made of foamed 
urethane resin which is often used for the aforesaid use is 
used, planarizing as described above cannot be achieved as 
the polishing speed depends on a pattern. That is, where 
the soft polishing pad 11L is used as shown in FIG. 4, a 
surface shape of the polishing pad is deformed as indicated 
by the solid line in the figure due to the polishing load. 
In a fine pattern whose dimension is in micrometers order, 
a load is concentrated thereon, and planarization polishing 
is done in a short period of time, whereas in a fine 
pattern whose dimension is in a few milimeters order, a 
load is applied as a distributed load so that polishing 
speed is low. As a result, a sectional shape after 
polishing is as indicated by wave lines 34 in FIG. 4 so 
that height difference d still remains. 

For use of the wiring step of a semiconductor, 
unevenness ± 5% or less is desired, and an upper limit of 
hardness of the polishing pad is approximately Young's 
modulus : 10 kg/mm 2 . 

Therefore, in semiconductor elements in which 
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various patterns from a few milimeters order to micrometers 
order are mixed as in a memory element, sufficient 
planarization effect cannot be expected. Applicable 
objects are limited to semiconductor products including a 
pattern not being excessively large size, for example, such 
as a logic LSI. 

A second problem in the planarization technique of a 
loose abrasive grain system is that running cost is high. 
This results from low utilization efficiency of the 
polishing slurry in the loose abrasive grain polishing 
method. That is, it is necessary for super- smooth 
polishing free from occurrence of polishing scratch to 
supply polishing slurry such as colloidal silica in a rate 
of hundreds cc/min or more, most of which are however 
removed without contribution to actual processing. 

The price of high-purity slurry for a semiconductor 
is very high, and most of cost for the planarization 
polishing process is determined by quantity of using the 
polishing slurry, improvement of which is therefore 
strongly demanded. 

A third problem is that the life of a polishing pad 
is short, which results from dressing work for the surface 
of the polishing pad. At present, it is necessary to 
replace a polishing pad every 500 wafers. 



(2) Outline of fixed abrasive grain polishing apparatus 

For solving the problem with respect to the loose 
abrasive grain polishing as described above, there is a 
polishing method by means of the fixed abrasive grain 
polishing employed in an apparatus of an embodiment of the 
present invention . 

The fixed abrasive grain polishing technique 
employed in the apparatus of the embodiment of the present 
invention uses, in the polishing apparatus shown in FIG. 2, 
a special grindstone 20 whose hardness is controlled 
optimally in place of the conventional polishing pad. 

More specifically, elastic modulus of the grindstone 
20 is 5 to 500 kg/mm 2 , and the hardness thereof is 1/10 to 
1/100 of that of a conventional grindstone that has been 
used in other fields. On the other hand, the hardness of 
the grindstone 20 is 5 to 50 times that of a hard polishing 
pad such as hard foamed polyurethane that has been used for 
the present invention . 

FIG. 5 shows the construction of a grindstone used 
in the aforementioned technique. Abrasive grain 21 is 
preferably formed of silicon dioxide, cerium oxide, 
aluminum oxide, etc., and if grain size thereof is 
approximately 0.01 to 1 £6m, excellent processing 
efficiency can be obtained without occurrence of scratches. 

It is said to be preferable that resin 22 for 
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joining the abrasive grain is high purity organic resins of 
a phenol family, a polyester family or the like. The 
abrasive grain is mixed into the joining resin, after which 
proper pressure is applied thereto to solidify it, and 
processing such as heating and hardening is applied as 
necessary. In the aforesaid process, hardness of the 
grindstone resulting from the kind of the joining resin and 
the magnitude of pressurization can be controlled, and in 
the present art, this is to be 5 to 500 kg/mm 2 . 

In the case where pure water as polishing liquid is 
supplied to a grindstone fabricated by joining 
the cerium oxide abrasive grain having 1 Am of grain size 
with the phenol family or polyester family resin so that 
elastic modulus is 100 kg/mm 2 , which is used to process a 
silicon dioxide film having a 1 Mm of thickness. In this 
case, no scratch occurs, and there can be obtained 
extremely excellent planarization performance, which 
processing speed is 0.3 ± 0.011 Mm or less with respect to 
all kinds of patterns whose pattern width is from 10 mm to 
0.5 Mm. 

Coexistence of the scratch-free processing and the 
excellent planarization performance can be achieved first 
by the fixed abrasive grain processing using the grindstone 
whose elastic modulus is optimized. 

Further, in the loose abrasive grain processing, the 
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polishing pad has a life of approximately 500 wafers. 
However, in the above - described art, the thickness of the 
grindstone can be a few centimeters, and therefore, the 
life of the grindstone can be extended, which ends to 
approximately 15000 wafers. 

This means that the frequency of replacing a 
polishing pad can be reduced to "from every day to every 
month" , i.e., 1/3 0, which is an extremely great merit in a 
site in which products are made in a large volumes. 

The planarization method using the aforementioned 
grindstone as a polishing tool has many merits, but it has 
been found that new problems occur because of £he fixed 
abrasive grain processing. 

A first problem is a problem of maintaining 
processing efficiency of the grindstone surface. Also in 
the planarization technique using the above grindstone, 
similar to the planarization polishing by way of loose 
abrasive grain, blinding occurs in the grindstone surface 
as wafers are polished, and dressing for the grindstone 
surface is sometimes necessary. For this dressing, 
scratching processing by way of constant pressure load has 
been used heretofore. 

Specifically, as shown in FIG. 6, a conditioning 
ring 42 with diamond grain 41 from #80 to #400 embedded is 
slidably moved at relative speed from 5 to 30 cm/s on the 
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surface of a grindstone 20 while loading under average 
surface pressure from about 100 to 300 g/cm 2 . Thereby, the 
edge of the diamond grain 41 uniformly scratches the 
grindstone surface, thus enabling carrying out dressings for 
the grindstone surface. 

However, it has been found that when the surface of 
a grindstone is subjected to dressing, similar to the 
polishing pad of the CMP, sharp cracks 43 having depth of a 
few tens of micrometers occur on the grindstone surface, 
and the crack end triggers breakage of the grindstone end 
during the polishing processing, finally leading to 
occurrence of large cracks in micrometers order. It is 
supposed that the occurrence of cracks results from the 
fact that the size of the diamond grain 41 is large, such 
as #80 to #400, that is, grain size : 300 Mm to 60 Mm. 
Further, this abuse also results from the fact that the 
hardness of the wafer polishing grindstone 20 is high. 

So, if the diamond grain size is made smaller, this 
problem can be solved. However, there occurs a further 
serious problem in this case. That is, it becomes 
difficult to adhere the diamond grain 41 to the base ring 
42 so that the diamond grain is disengaged during the 
dressing operation and embedded into the grindstone surface, 
resulting in occurrence of scratches. 

The phenomenon of occurrence of cracks on the 
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surface of a polishing tool is a unique phenomenon 
occurring only at the time of dressing of a grindstone 
whose mechanical property is adjusted to be used for 
planarization of a semiconductor, and such a phenomenon as 
described has not occurred at the time of dressing a 
polishing pad formed of a polyurethane resin or the like 
which is a ductile material. 

A second problem is deterioration of a planarization 
degree of the grindstone surface. A conventional general 
dressing method is based on the processing principle of 
scratching diamond grain while pressing them into the 
grindstone surface under a constant load, and has its 
object to apply a constant load to a conditioning ring 
irrespective of change in height or inclined attitude of 
the grindstone surface to create a uniform surface 
roughness . 

To this end, generally, it is constructed that as 
shown in FIG. 6, a constant pressure load by way of an air 
cylinder or the like is applied to a conditioning ring 42 
through a gimbals support 44. Therefore, where hardness 
distribution of the grindstone is uneven or the number of 
revolutions of the conditioning ring is deviated from a set 
value, dressing amount distribution in a radial direction 
of the grindstone is uneven so that about the time when the 
grindstone having approximately 20 mm of initial thickness 
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is dressed to approximately 10 mm of thickness, a shape of 
the grindstone surface is formed into a shallow cone-shape 
or an inverted Mt . Fuji shape in tens of micrometers order. 
When the flatness of the grindstone surface is deteriorated 
as described, processing unevenness occurs in the wafer 
surface to be processed, resulting in an important defect. 

If an attempt is made to obtain processing evenness 
of 5% with the planar i zat ion by way of fixed abrasive grain 
processing, it is necessary that the flatness of the 
grindstone is in a few micrometers order. 

The above - described problem of the flatness of the 
grindstone occurs also when a new grindstone is used. That 
is, it is very difficult for a large grindstone having a 
diameter of 70 cm or more and a thickness of a few 
centimeters to fabricate in a few micrometers order of the 
flatness of the surface to be polished and to mount on the 
polishing apparatus, and the inferior flatness at that time 
was impossible to be corrected by a conventional constant 
pressure dressing method. Further, in the case where the 
grindstone is divided into a plurality of segments for the 
convenience of manufacture and mounting of the large 
grindstone, level difference, between the segments, in tens 
of micrometers order cannot be avoided, which also leads to 
a serious problem. 

A problem in the flatness of the surface of the 



polishing tool as described above is a problem peculiar to 
the case where a grindstone having a thickness of a few 
centimeters is used, which could be almost ignored in a 
general polishing pad for loose abrasive grain processing 
in which elastic modulus of a pad material is soft such as 
10 kg /mm 2 or less and thickness is thin such as 
approximately 1 mm. 

Further, even where the flatness may pose a problem 
somewhat, it could be sufficiently dealt with by a simple 
correcting control such that the time for dressing convex 
portions on the surface of a polishing pad is slightly 
prolonged or loads are increased. 

As explained so far, in the wafer planarization step 
by way of fixed abrasive grain processing, there poses many 
problems in the constant pressure dressing method used in 
the planarization step by way of a conventional general 
loose abrasive grain processing, and the solution for such 
problems is strongly desired. 

(3) Outline of apparatus according to embodiment of the 
present invention 

The apparatus according to an embodiment of the 
present invention is to solve the problem peculiar to the 
apparatus for polishing the surface of a semiconductor 
device by a hard polishing tool such as used for the 
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aforementioned fixed abrasive grain processing. This will 
be explained hereinafter with reference to the drawings. 

FIG. 7 shows a concrete example for carrying out the 
present invention. In the drawing, a wafer holder for a 
wafer (a workpiece) which is an object to be polished is 
omitted . 

A small diameter (50 mm) cup- shaped diamond 
grindstone 101 (a dressing tool) having diamond grain 41 of 
#100 fixedly mounted on the edge thereof is driven by a 
spindle motor 102 and rotates at high speed of 10000 rpm to 
apply dressing to a polishing surface of a wafer polishing 
grindstone 20 (a polishing tool) which rotates at speed of 
approximately 10 rpm. By the aforesaid high speed rotation, 
the peripheral speed of the diamond grindstone 101 reaches 
approximately 20 m/s to enable dressing of the grindstone 
surface with sufficiently small roughness. 

In this case, the cut-in amount of the diamond 
grindstone 101 is in micrometers order, typically, 1 Mm. 
The spindle motor 102 is provided on the Z moving table 103, 
and is driven by a Z driving system 104 (a second moving 
means) to move in a Z axis direction to enable positioning 
at a suitable position. Since the Z moving table 103 is 
controlled in movement in an X axis direction on an X 
moving table 105 to be moved in the X axis direction by 
means of an X moving system 106, the diamond grindstone 101 



is moved straight in a radial direction of the grindstone 
while maintaining the cut-in amount (a position in the Z 
axis direction of the diamond grindstone) by the movement 
of the X moving table. 

A rotating means for rotating the spindle motor 102, 
the X moving table 105 or the wafer polishing grindstone is 
to impart relative motion between the diamond grindstone 
101 and the grindstone 20, and corresponds to a first 
moving means of the present invention. It is necessary 
that an error in motion of the shaft perpendicular to the 
moving shafts of these moving means is sufficiently small 
as compared with the cut-in amount. 

The upper surface of the grindstone 20 is ground 
into an accurate plane by grinding the sample surface 
(hereinafter referred to as sizing - dressing) while 
maintaining the position of the Z axis direction of the 
diamond grindstone 101. In this case, the cut-in amount of 
the diamond grindstone 101 is determined by a positioning 
coordinate of the Z moving table 103 and is given by 
instructions of the control system 107. 

While in the apparatus according to the embodiment 
of the present invention, a moving system for moving the 
diamond grindstone 101 in the Z direction, it is noted that 
the wafer polishing grindstone 20 may be moved in the Z 
direction so that a fixed cut-in amount will be maintained. 
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Also, with respect to the movement in the X direction, the 
wafer polishing grindstone 20 may be moved. 

The diamond grain 41 arranged and secured to the 
processing surface of the diamond grindstone 101 assumes a 
state of sticking into the wafer polishing grindstone 20 
when the cut-in amount is set by the Z moving system 104. 
When in that state, the diamond grindstone 101 rotates, the 
diamond grain 41 grinds the surface of the wafer polishing 
grindstone 20 while maintaining the position of the Z 
direction thereof . 

The surface processing for the wafer polishing 
grindstone constructed as described above is carried out in 
the following manner. First, prior to the wafer polishing, 
when an instruction for starting the dressing work is given, 
the polishing grindstone 20 starts to rotate. At the same 
time, the control device 107 gives the Z driving system an 
instruction of movement in the cut-in direction till the 
diamond grindstone 101 comes in contact with the grindstone 
surface. Note that elements (not shown) for detecting the 
aforesaid contact state may be any means, such as a contact 
type sensor, or a noncontact sensor such as an optical type, 
and the spindle motor 102 is preferably rotating. 

When the contact therebetween is assured, the 
control device 107 gives an instruction of 1 of cut-in, 

and at the same time, gives the X-axis driving system 106 a 



continuous movement instruction at speed of approximately 
10 mm/ s . The X moving table 105 reciprocates by the 
distance one half diameter of the grindstone 20, and the 
diamond grindstone 101 grinds and removes the whole 
grindstone surface by 1 Mm. Thereby, the grindstone 
surface is subjected to dressing. The times of 
reciprocation, moving speed and cut-in amount of the X 
moving table, and the rotational speed of the grindstone 20 
are set to the optimal conditions while adjusting to the 
kind of grindstones. Preferably, pure water as processing 
liquid for grinding is supplied during the dressing work. 
Further, waste liquid and sludge remaining on the 
grindstone surface are preferably removed by vacuum 
attraction . 

Preferably, setting of the times of reciprocation is 
decided on the basis of cut-in allowable depth capable of 
sticking the diamond grain 41 into the wafer polishing 
grindstone 20 (limit depth in which even if the extreme 
ends of the diamond grain 41 is stuck into the surface of 
the wafer polishing grindstone 20, the grindstone is not 
broken microscopically) . For example, where the cut-in 
allowable depth is 0.5 Mm, when the grindstone surface is 
desired to be removed by 1 Mm by dressing, at least twice 
(one reciprocation) movements of the X moving table 105 is 
necessary . 
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As described above, where a large cut-in amount is 
desired to be obtained, it is suggested that stepwise 
control of position by the Z driving system 104 be carried 
out. For example, where cutting-in of 2 Mm, cutting-in of 
0.5 Mm may be repeated four times for dressing. Such 
dressing work may be carried out in advance prior to 
processing of a workpiece, or may be carried out during 
processing together with processing. Particularly where 
dressing is carried out stepwise as described above, if 
dressing is carried out together with processing, 
throughput of apparatus is not impaired. 

While in the foregoing, a description has been made 
of the case where in a state that a positioning coordinate 
of the Z moving table 103 be fixed, a dressing tool is X- 
moved to plane -process the surface of the polishing 
grindstone 20, it is to be noted that the positioning 
coordinate of the Z moving table 103 is numerical - 
controlled corresponding to the X coordinate of the X 
movement whereby the surface of the polishing grindstone 20 
can be formed into a curve surface other than a plane. 

In carrying out the present invention, to select the 
diamond grain 41 of the dressing tool is very important, 
and an excessively small or excessively large diamond grain 
41 is not preferable. That is, while a dressing tool 
including lots of diamond grain having a small grain size 
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is efficient because of many cutting edges, the diamond 
grain is liable to be disengaged due to cutting force, 
possibly resulting in the fatal cause of scratches. 
Conversely, in a dressing tool with less diamond grain 
having a large grain size, there is no possible 
disengagement of diamond grain. However, since the number 
of cutting edges is small, efficiency lowers unless the 
number of revolutions of the tool is increased. 

While in the foregoing, the extreme ends of the 
diamond grain is sharp as in a point, it is to be noted 
that if the extreme ends are in the form of a flat edge, 
high efficiency can be obtained even if the number of 
diamond grain is small. Tool edges having a flat edge-like 
extreme end as described include a diamond cutting tool or 
a carbide cutting tool used in mirror- face grinding. Even 
a dressing tool of the type which rotates a detachable and 
small cutting tool as described at a high speed may provide 
good result . 

According to the sizing - dressing of the apparatus of 
the present invention, dressing of the grindstone surface 
and planarization of the grindstone surface can be realized 
simultaneously, and adequate setting of the cut-in amount 
enables realization of dressing of a high hardness 
grindstone and planarization without occurrence of cracks 
in a wafer polishing grindstone. 
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The occurrence of cracks in the wafer polishing 
grindstone 20 in the present apparatus can be suppressed 
because the diamond grindstone 101 formed on the processing 
surface of the present apparatus with the diamond grain 41 
performs polishing so as to scrape the circumference (the 
surface of the wafer polishing grindstone 20) in a state of 
maintaining the cut-in amount (depth) constant. That is, 
because, by adequate setting of the cut-in amount, the 
scratch - crushing force with respect to the wafer polishing 
grindstone 20 can be suppressed to a level below a fixed 
value against a microscopic construction change in the 
grindstone caused by the presence of pores or the like. 

On the other hand, in the case of application of a 
polishing method by constant pressure load used so far, the 
diamond grindstone is pressed under constant pressure 
against the wafer polishing grindstone, generally. However, 
microscopically, discontinuous cut-in depth results due to 
the presence of pores or the like so that cracks sometimes 
occur by exceeding the allowable cut-in depth 
instantaneously . 

As described in detail above, in the present 
apparatus of the present invention, even in the case where 
a high hardness grindstone as used in the fixed abrasive 
grain processing is employed, the problem as noted above 
can be overcome by fixing the wafer polishing grindstone 



and the relative position in the Z direction of the 
polishing tool. 

Further, according to the sizing - dressing of the 
present invention, the planariza tion of the surface of the 
wafer polishing grindstone can be realized with higher 
accuracy as compared with the conventional polishing by the 
constant pressure load. 

The polishing by the constant pressure load has a 
problem in that relatively fine undulation on the surface 
of the wafer polishing grindstone can be removed, but 
smooth undulation on the surface of the wafer polishing 
grindstone cannot be removed. This is because the diamond 
grindstone is moved so as to trace the smooth undulation of 
the wafer polishing grindstone merely by applying pressure. 
Particularly, in the apparatus in which the wafer polishing 
grindstone 20 is considerably larger in size than the 
diamond grindstone 101 shown in FIG. 7, it is contemplated 
for example that a convex portion (or a concave portion) 
wide in the hem occurs from end to end of the wafer 
polishing grindstone 20, which abuse sometimes becomes more 
notable . 

On the other hand, in case of the sizing-dressing 
according to the present invention, the surface of the 
wafer polishing grindstone can be ground without being 
influenced by the irregularities of the surface of the 



wafer polishing grindstone, thus enabling planari zat ion 
with high precision of the wafer polishing grindstone. 

In applying the sizing - dressing , attention should be 
paid to the fact that excessive pressure is not applied to 
the wafer polishing grindstone. That is, attention should 
be paid to the fact that the wafer polishing grindstone is 
not pressed against the diamond grindstone under excessive 
pressure by setting the cut-in amount having excessive 
depth. 

The control of the Z driving system by the element 
for detecting the contact state between the diamond 
grindstone and the wafer polishing grindstone, as described 
above, is carried out so that excessive pressure is not 
applied to the wafer polishing grindstone. Alternatively, 
a means (not shown) for detecting pressing force of the 
diamond grindstone may be provided in advance whereby when 
pressing force in excess of a fixed level is detected, the 
diamond grindstone is once moved away from the wafer 
polishing grindstone to generate an error or re-set a 
proper cut-in amount for carrying out polishing again. 

There is another operating method which performs 
dressing simultaneously with planarization polishing of 
wafer. The operating method includes one mode in which the 
above operation carries out once during processing one 
wafer, and the other mode which always carries out dressing 



while increasing the cut-in amount continuously also during 
processing. For those requiring low- speed dressing 
according to the kind of grindstones, the latter mode is 
preferable . 

It has been found after dressing of a grindstone 
whose abrasive grain is cerium oxide under the conditions 
of the aforementioned embodiment that cracks that occurred 
at a level of three per 10 cm 2 in the conventional method 
disappeared, and no scratch occurred. 

Further, with respect to maintenance of the flatness 
of the processing surface of a grindstone, it is possible 
to obtain the flatness of 5 Am over the whole grindstone 
surface, which value has not been lowered even by about 
5000 times of dressings, that is, by dressing till 
thickness of a grindstone reduces by 10 mm. 

Further, it is contemplated that polishing by 
constant pressure load that has been used in the past and 
sizing-dressing are jointly used within a single apparatus. 
In this case, it is suggested that the polishing by a 
constant pressure load or the sizing-dressing can be 
selected depending on use of the wafer polishing grindstone 
or the polishing pad that has been used in the conventional 
CMP apparatus . 

For example, in the apparatus shown in FIG. 7, it is 
suggested that the apparatus be set so that when a wafer 
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polishing grindstone (or a polishing pad) is replaced, an 
operator inputs use of the wafer polishing grindstone or 
the polishing pad through an input unit not shown in FIG. 7 
whereby whether the polishing by the constant pressure load 
or the sizing - dressing can be automatically selected. 

Further, even a polishing pad that has been used in 
the conventional CMP, the sizing - dressing is sometimes 
suited depending on the hardness thereof. Therefore, it is 
contemplated that the apparatus is set so that whether the 
polishing by the constant pressure load or the sizing- 
dressing is automatically selected by inputting the kind of 
polishing tools. 

By the constitution of the apparatus as described 
above, an operator is able to easily set the adequate 
polishing conditions without knowing the principle of 
polishing by the constant pressure load or the sizing- 
dressing . 

Next, an example of a concrete constitution of a 
processing apparatus suitable for carrying out the present 
invention will be explained with reference to FIG. 8. 
Basically, this is a polishing apparatus comprising two 
platens and two heads, characterized in that a grindstone 
is used as a polishing tool, and that the art of the 
present invention for optimally dressing the grindstone is 
applied . 



A grindstone which is high in planarization 
performance and is optimized in elastic modulus is adhered 
to the upper surface of a first grindstone surface plate 51 
and a finishing grindstone which is low in elastic modulus 
is adhered to the upper surface of a second grindstone 
surface plate 52 . These grindstone surface plates 
respectively polish a wafer while rotating at fixed speed 
of about 2 0 rpm . 

Prior to processing, dressing of the first 
grindstone surface plate 51 is carried out. A spindle 
motor 102 mounted on the extreme end of an oscillating arm 
108 causes a smal 1 - diameter diamond grindstone 101 to 
rotate at high speed of 10000 rpm, to dress the surface of 
the grindstone surface plate 51 which is rotating at 20 rpm 
Setting of a cut-in amount is done by a Z moving device 103 
at the base of the oscillating arm, typically, being cut in 
every 1 Mm. An oscillating period of the arm is about 30 
seconds, and when this is finished, wafer polishing is 
ready . 

While in the above embodiment, the arm oscillating 
type is employed, it is apparent that the direct - operated 
type as shown in FIG. 7 may be employed. Further, while in 
the above embodiment, an example is described in which 
dressing is carried out prior to processing of 
planarization polishing. It is noted that this can be 
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carried out during processing as previously mentioned. 

When dressing is finished, the step enters polishing 
of a wafer. A wafer 55 to be processed is taken out of a 
loader cassette 53 by a handling robot 54 and is put on a 
load ring 57 on a direct - operated carrier 56. When the 
direct - operated carrier 56 moves leftward in the figure and 
is positioned at a load/unload position, a polishing arm 
A58 rotatively moves. The wafer 55 to be processed is then 
vacuum- adsorbed on the lower surface of a wafer polishing 
holder 59 provided on the extreme end thereof. Then, the 
polishing arm A58 rotates so that the wafer polishing 
holder 59 may position on the first grindstone surface 
plate 51. The wafer polishing holder 59 presses the wafer 
55 to be processed being adsorbed on the lower surface 
against the grindstone to process it while rotating. When 
the first processing step is finished, the polishing arm 
A58 then rotates so that the wafer polishing holder 59 may 
position on the second grindstone surface plate 52. 
Thereafter, the wafer polishing holder 59 rotates while 
pressing the wafer 55 to be processed being adsorbed on the 
lower surface against the second grindstone surface plate 
52 to finish it. 



the step enters next cleaning step. The polishing arm A58 
rotates to position the wafer polishing holder 59 on a 



Upon termination of the aforementioned two stages, 



cleaning position on which a rotational brush 60 is 
provided . 

The rotational brush 60 washes the processing 
surface of the wafer 55 to be processed being adsorbed on 
the lower surface of the wafer polishing holder 59 by a 
washing brush while rotating. Upon completion of cleaning, 
the direct-operated carrier 56 again moves to the cleaning 
position to receive the wafer to be processed released from 
the vacuum adsorption of the wafer polishing holder 59. 
While here, the rotational brush is used, it is to be noted 
that a cleaning method by way of a jet water flow with 
supersonic waves can be used instead. Thereafter, when the 
direct-operated carrier 56 returns to the load/unload 
position, the wafer handling robot 54 grips a processed 
wafer, which is housed in an unload cassette 61. 

One period of operation for the polishing arm A58 
has been described above. A polishing arm B62 is also 
jointly operated similarly to the former. Naturally, this 
is because two polishing surface plates are time-divided 
for effective utilization. The operating sequence of the 
polishing arm B62 is exactly the same as that of the 
polishing arm A58, but a phase is delayed only by one half 
period. That is, the polishing arm B62 starts its 
operation while adjusting to the start of the second 
polishing step. 



The above - described embodiment is an example of 
constitution suitable for the case where the number of 
polishing arms is two, and the dressing apparatus is only 
one system. This is the constitution in which there is 
provided a position where rotating traces of two polishing 
arms cross or are in contact, and there is provided a stop 
position for a pair of cleaning brushes and the direct- 
operated carrier for the load/unload, whereby these 
functions are jointly used by the two polishing arms. 

While in the above - described embodiment, only the 
first polishing surface plate is proved for dressing, a 
rotating center position of the dressing apparatus can be 
changed as necessary so that the second polishing surface 
plate can be dressed, or a second dressing apparatus can be 
separately provided. 

While a description has been made of the embodiment 
in which two polishing arms are provided, it is to be noted 
that naturally, a single arm will suffice for simplifying 
the constitution. Conversely, for improving the throughput 
of the apparatus, the number of polishing arms can be made 
three or more, or a plurality of wafer polishing holders 
can be mounted on a single polishing arm. 

Further, while in the above - described embodiment, 
two rotating surface plates are respectively independently 
provided for the polishing pad and for the grindstone, it 
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is to be noted that a single rotating surface plate will 
also suffice. That is, a ring-like grindstone is provided 
in the peripheral portion of the rotating surface plate, 
and a finishing grindstone is provided in the central 
portion thereof . 

Further, a polishing grindstone or a polishing pad 
mounted on the polishing surface plate is not always 
limited to an integral disk- like form, but a combination of 
a plurality of segments may be used. Alternatively, it can 
be designed so that a rotating surface plate is inclined in 
order to make a foot pint (a projection area for 
installation) of apparatus small. 

Further, the apparatus of the present invention can 
be applied to the manufacture of optical elements having a 
fine surface construction such as a semiconductor element, 
a liquid crystal display element, a micro machine, a 
magnetic disk substrate, an optical disk substrate, a 
Fresnel lens and so on. 

In the case where a semiconductor wafer is 
planarized by the fixed abrasive grain processing method 
using a grindstone as a polishing tool, dressing of the 
grindstone surface is carried out by si z ing - dressing method 
of cutting- in in micrometers order, and therefore, 
occurrence of cracks on the grindstone surface which is the 
cause of occurrence of scratches can be prevented. 
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Further, in this case, flatness of the grindstone 
surface is always guaranteed because of the sizing cut-in, 
and polishing processing without occurrence of unevenness 
can be always carried out. As a result, further, thickness 
of a grindstone can be a few centimeters or more, enabling 
to greatly extend the life of grindstone. 

Further, by continuously carrying out application of 
sizing - dressing to a grindstone of the present invention 
also during wafer processing, clogging during processing 
can be prevented, and the overhead time necessary for 
dressing can be eliminated, thus enabling improvement of 
throughput of apparatus. 

While in the above description of the embodiment of 
the present invention, an example using a grindstone by way 
of the fixed abrasive grain polishing method has been 
described, it can be readily imagined that even if that is 
applied to a polishing pad used in the conventional CMP 
apparatus, substantially similar effect can be obtained. 
In this case, the effect of the present invention can be 
enjoyed to the maximum by using a (hard) polishing pad 
which is thicker and is larger in elastic modulus as 
compared with a prior art. 

Furthermore, since in the apparatus of the present 
invention, planarization of a polishing tool and dressing 
can be carried out simultaneously, it is possible to 



improve the throughput of apparatus. 

Moreover, while in the foregoing, an embodiment in 
connection with a semiconductor wafer has been described, 
this can be also applied to planari zation processing of 
others such as a thin film video device, substrates formed 
of glass or ceramics, etc. 

Further, in the present invention, the throughput of 
apparatus as well as maintenance of processing rate can be 
improved by jointly carrying out the wafer processing and 
the si zing -dressing . 

According to the present invention, also in the 
fixed abrasive grain processing method using a grindstone, 
occurrence of cracks can be prevented to dress the 
grindstone surface, and planarization processing without 
occurrence of scratches can be carried out. Further, the 
flatness of the grindstone surface can be guaranteed 
because of the sizing cut-in, and processing without in- 
face unevenness can be always carried out. Therefore, a 
thick grindstone of a few centimeters can be used, enabling 
greatly extending of the life of a grindstone. 

Furthermore, in the present invention, the present 
sizing-dressing is carried out jointly with the wafer 
processing to thereby improve the throughput of apparatus 
as well as maintenance of processing rate. 




36 



CLAIMS 





1. A polishing apparatus which imparrts relative 
motion between a workpiece and a polishing tool to polish 
the surface of said workpiece by a p^aishing surface of 
said polishing tool, comprising: 

a dressing tool for forming a surface roughness on 
the polishing surface of said /polishing tool; 

a first moving means for imparting relative motion 
between a grindstone and said polishing tool; 

a second moving means for moving said dressing tool 
and/or said polishing /tool in a direction vertical to the 
polishing surface oy said polishing tool; and 

a control m/ans for permitting to execute movement 
caused by said f/rst moving means while controlling a 
position of sa/d second moving means. 

2. The polishing apparatus according to claim 1, 
wherein said polishing tool is formed of abrasive grain and 
a material for joining and holding said abrasive grain. 

3. The polishing apparatus according to claim 1, 
wherein said dressing tool includes a plurality of kinds of 
hard grain. 

4. The polishing apparatus according to claim 3, 
wherein said hard grain is diamond. 

5. The polishing apparatus according to claim 1, 
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tool^rnd said grindstone by said detection means. 

6. The polishing apparatus according to claim 1, 
wherein said first moving means moves said dressing tool, 
said polishing tool or both of them so that said dressing 
tool moves on said polishing tool. 

7. The polishing apparatus according to claim 1, 
wherein said control means comprises a setting means for 
setting a cut-in amount of said dressing tool with respect 
to said polishing tool, and said second moving means moves 
in accordance with a value set by said setting means. 

8. The polishing apparatus according to claim 7, 
wherein said control means realizes the cut-in amount set 
by said setting means by moving said second moving means 
plural times . 

9. The polishing apparatus according to claim 8, 
wherein the cut-in amount by said setting means is set to 
be smaller than depth required to stick the hard grain 
contained in said dressing tool into said polishing tool. 

10. A polishing apparatus which imparts relative 
motion between a workplace and a polishing tool to polish 
the surface of said yworkpiece by the polishing surface of 



38 



said polishing tool, comprising: / 

a dressing tool for forming a/ surface roughness on 
the polishing surface of said polishing tool; and 

a means for inhibiting movement of a grindstone in a 
direction vertical to the polishing surface of said 
polishing tool. / 

11. An apparatus for manufacturing a semiconductor 
for effecting polishing-proofessing while pressing the thin 
film surface adhered to the* surface of a semiconductor 
substrate formed with an irregularity pattern to the 
polishing surface of a pfolishing tool for relative motion, 
characterized in that forming of a surface roughness by a 
dressing tool for forcing the surface roughness on the 
polishing surface oj said polishing tool is carried out, 
during a period be/tween the polishing processings or during 
the polishing processing, while controlling movement of 
said dressing tyool in a vertical direction with respect to 
said poli shine/ surface . 



ABSTRACT 



The present invention relates to a polishing 
apparatus, and a semiconductor manufacturing method using 
the apparatus. Dressing of a grindstone surface is ground 
by sizing processing whereby dressing of a tool surface can 
be done while preventing occurrence of cracks on the 
grindstone surface which is the cause for occurrence of 
scratches. Further, flatness of the surface of a dressing 
tool can be guaranteed because of sizing cutting-in; even 
if a thick grindstone of a few centimeters is used, the 
flatness can be maintained to the end; and processing with 
less in-face unevenness can be always carried out. 
Therefore, the life of the dressing tool can be greatly 
extended . 

Further, the present si z ing - dressing is carried out 
jointly with processing of a wafer to thereby enable 
improvement of throughput of the apparatus as well as 
maintenance of a processing rate. 

The present apparatus and method are effective for 
planarization of various substrate surfaces having 
irregularities . 
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certificate, or PCT International application having a filing date before 
that of the application on which priority is claimed. 

Priority Not Claimed 



(Day/Month/Year Filed) 1 

(Day/Month/Year Filed) D 

I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) (Filing Date) 

ts^?^3 e ( C ) tds-f <mm&z - i^^us-n ^ 

m 1 ^^tem*w,ftm$xMj££thttmx%ft^%^m¥f 
nmm^m^zthx^t^m*) . ^o>%n^mmm%mmu 

x>j£m£frtzLmmfa<o^M^m^&mmt£mmi~^^xm 



(Application No.) (Filing Date) 



(Application No.) (Filing Date) 

1 10 0 1 it^Sf i^Sfc^, *>L<i« 



(Application No.) (Filing Date) 

I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT international filing date of 
application. 



(Status: Patented, Pending, Abandoned) 



(Status. Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 

( 0 ^fo Itlflr) 



^-wt % & m w rp m m m m l t m n -r z> # m ± £ tz. f 3 ft m a 




POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office 
connected therewith (list name and registration number) 

Edward W. Greason, R eg. No.18,918 ; and John C. Altmiller, Reg. 

No.25,951 . ' " 




Send Correspondence to: 
Edward W. Greason 
Kenyon & Kenyon 

One Broadway, New York, N.Y. 10004 



Direct Telephone Calls to: (name and telephone number) 
Telephone: (212) 425-7200 
Fax: (212)425-5288 



Full name of sole or first inventor 
Shigeo MORIYAMA 



Inventors signature— 



st inventor . / 



Residence 
r Tama\japan 



Z9Y 



mm 



Citizenship 
Japan 



Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 

New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 

Chiyoda-ku, Tokyo 100-8220, Japan 



(Supply similar information and signature for second and 
subsequent joint inventors.) 
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I ^^t[«]^Pj3# -v Full name of second joint inventor, if any 
cR -JQ^-Xosbihirn LSHIDA 



^^#t|^!3£f?Wtoih£ Btt Second inventor's signature Date 



iecond inventors signature uate in / / ^ ^ 



Qffi Residence 



rcesiaencev r q x 
-^-^Jjitachinaka\japan vqV ^ 



Citizenship 
Japan 



fl^ffi Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



Fu,i name of third joint inventor, if any 
^ -_DO T^^fihLKUGAYA 



m~&mmW%-<DW£ 0 H Third inventor's signature Date / 

UJUIU /a**±* IVo7 // 7 7 ? 

mm Residence* — qS 

^ Hjtachinaka\ Japan ^ \ 



Citizenship 
Japan 



%LW%H Post Off\ce Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



mm^m%m^ v ^ Full name of fourth joint inventor, if any ^/^o/iUbfl 
°VtP Shigeo OOTSUKI ^MM^6 1 2/0*1 f t $*\l 



^H#=l^PJ!#o^& 0# Fourth inventor's signature Date 



with inventor's signature Date , , 



Residei 
_ Kasama 



a^lapan 



[Ufa Citizenship 

Japan 



fLWffi Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 







^ Full name of fifth joint inventor, if any 






Fifth inventor's signature Date . 

^ /^feushJ /z/or/yf?? 


&m 




Residence ' * Q V 

*^^Kodaira\japan \^ 


mm 




Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 

New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 

Chiyoda-ku, Tokyo 100-8220, Japan 



(^7^l^^^[5J3&Pj!#i-oV^T *>[5j#K:te$ScU, 1^ £ri~ (Supply similar information and signature for sixth and subsequent 
£ ^ t ) joint inventors.) 
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Full name of sixth joint inventor, if any 
\&L^r Sadayuki NISHIMURA 








Sixth inyentorjs signature Date "" y y 








Reside^tfe ~ 

< X okonam \ Japan 0\V/\ 


mm 






Citizenships 
Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 








~ x Full name of seventh joint inventor, if any 
* V ^ Ryosei KAWAI 








Seventh inventcTs signature , Date' , _ / x 

R^muuu KotttH l2 /o7/m c ) 








Residence q . 

^ — KQdaira\japan \) 


mm 






Citizenship 
Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 

New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 

Chiyoda-ku, Tokyo 100-8220, Japan 


mA&m&m%- 






$ - M\ Fu " name of e '9 ntn j° int inventor, if any 
U ^ U Kan YASUI 




i£ 




bighth inventor's signature Date 


mm 






Residence * Q \r\ 

^__J<okubunji\japan ty/^ 


mm 






Citizenship^ 
Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi Bldg., 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 








Full name of ninth joint inventor, if any 




\& 




Ninth inventor's signature Date 


mm 






Residence 


mm 






Citizenship 








Post Office Address 



(W^+&^<D&m^W^^^\,^Xi>mm^t£MV, ^k&fri- (Supply similar information and signature for tenth and 
-1 £: ) subsequent joint inventors.) 
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Application deficiencies found during scanning: 

■ Page(s) of _Assignment were not 

present 

for Scanning. (Document title) 



□ Page(s)_ o f were not 

present 

for Scanning . (Document title) 



□ Scanned copy is best available. 



